In developing countries, and due to the high cost of treatment of industrial wastewater, municipal wastewater treatment facilities usually receive a mixture of municipal wastewater and partially treated industrial wastewater. As a result, an increased potential for shock loads with high pollutant concentrations is expected. The use of mathematical modelling of wastewater treatment is highly efficient in such cases. A dynamic model based on activated sludge model no. 3 (ASM3) describing the performance of the activated sludge process at a full scale wastewater treatment plant (WWTP) receiving mixed domestic-industrial wastewater located in an arid area is presented. ASM3 was extended by adding the Arrhenius equation to respond to changes in temperature. BioWin software V.4 was used as the model platform. The model was calibrated under steady-state conditions, adjusting only three kinetic and stoichiometric parameters: maximum heterotrophic growth rate (μ H ¼ 8 d À1 ), heterotrophic aerobic decay rate (b H , O 2 ¼ 0.18 d À1 ), and aerobic heterotrophic yield (Y H , O2 ¼ 0.4 (gCOD/gCOD)). ASM3 was successful in predicting the WWTP performance, as the model was validated with 10 months of routine daily measurements. ASM3 extended with the Arrhenius equation could be helpful in the design and operation of WWTPs with mixed municipal-industrial influent in arid areas. This is an Open Access article distributed under the terms of the Creative Commons Attribution Licence (CC BY 4.0), which permits copying, adaptation and redistribution, provided the original work is properly cited
INTRODUCTION
The most widely used biological wastewater treatment method is activated sludge, due to its flexibility, reliability, and high efficiency. As efficient as the activated sludge method is, this method is notably sensitive to many factors such as temperature, type of wastewater, dissolved oxygen concentration, and plant operation (Tchobanoglous et al. ) .
This sensitivity makes the successful operation of wastewater treatment plants (WWTPs) a challenging task, especially in the case of shock loads or changes in wastewater type. Mathematical modelling of the biological treatment offers an excellent tool to simulate activated sludge plants, predict the effluent quality under any circumstances and obtain a better understanding of the factors affecting the process.
Mathematical modelling requires formulating the bacterial growth and decay rates (WEF ). The activated sludge model (ASM) family is a group of models for simulating activated sludge-based treatment methods developed by the IWA task group. The first model, the ASM1, was first developed and advanced through the ASM2, ASM2d, and the recent simplified ASM3 model. Activated sludge model no. 3 (ASM3) was developed to overcome certain defects of ASM1 and proposed to become a new standard for future modelling (Henze et al. ) .
For efficient process simulation, many protocols for activated sludge modelling, such as STOWA, WERF, BIOMATH, HSG, and GMP unified protocol (WEF ), were developed and widely used by researchers. Two important steps involved in process simulation are calibration and 
MATERIALS AND METHODS
The case study in the first part of this paper is the western 6th of October WWTP, located at the 6th of October City,
Egypt. Egypt has a hot desert climate with rare rainfall, hot summers and mild winters. The raw sewage temperature is in the range 13-34 W C with an annual average of approximately 23 W C.
The WWTP under study receives 150,000 m 3 /d of wastewater, 35% of which is industrial wastewater. The industrial waste comes from an industrial area of 1,400 factories, incorporating furniture, metals and galvanization, food industries, medical and chemical industries, and textiles.
The WWTP is designed for organic removal only and consists of three identical treatment trains with a capacity of 50,000 m 3 /d each.
Sewage treatment is based on a conventional configuration, containing screens, grit chambers, primary settlers, biological tanks with surface aeration, and final clarifiers.
Most of the settled sludge is returned to the beginning of the aeration tank after wasting excess sludge from the final clarifiers ( Figure 1 ). The plant operator found no reason to change return sludge and excess sludge quantities. Therefore, excess and return sludge pumping was continuous over 24 hours at a constant rate. This strategy resulted in fluctuating sludge retention time (SRT) over the validation period to be between (11.4 ± 4) days. Excess sludge was returned to primary settling tanks to improve their settling performance.
The effluent disposal standards at present are:
BOD 5 60 mg/L, TSS 50 mg/L and COD 80 mg/L (where BOD 5 is biochemical oxygen demand, TSS is total suspended solids, and COD is chemical oxygen demand) with no legal constraints regarding nutrient removal. The biologically treated effluent does not meet Tables 1 and 2 show the average historical daily routine measurement and operating conditions. A steady-state model for the biological process was built using BioWin 4 software (Figure 1 ), which is a semi-open platform software that allows the user to introduce the model equations and parameters. The modelling work was based on the GMP unified protocol proposed by the GMP Task Group was selected for this study (Rieger et al. ) .
For the simulation of a WWTP, the ASM3 (Henze et al.
) was used.
To model the effect of temperature, the Arrhenius equation (Equation (2)) was added to the reaction rates in 
where k T is the rate at the desired temperature (T), and k 20 is the rate at 20 W C. based on the conditions of the wastewater process studied.
RESULTS AND DISCUSSION

Model validation
COD analysis
The influent COD is entered into the BioWin software as the influent COD is measured at the plant. As shown in Figure 2 higher temperature is expected to enhance the kinetics of the biological processes. This enhancement was important as the temperature range during the validation period (10 months) was wide, ranging from 12.8 to 33.9 W C with an average of 22.8 W C, and the temperature was mostly above 20 W C.
During the validation period, shock loads occurred. The shock loads were used to test the model response to a sudden change in influent quality. The shock loads happened on different days as shown in Figure 2 . The model was very successful in predicting the WWTP performance in these situations.
TSS analysis
The model also describes the suspended solids concentrations in the influent, effluent and in return activated sludge (RAS). Calibrating the influent TSS, as shown in that the plant data should not be so dispersed.
Nitrification
In spite of the good sludge age of 12 days and relatively high temperature, elimination of ammonia was limited in the WWTP, as was concluded from the measurements done during sampling program. From oxygen measurements, oxygen was always above 1.5 mg/l and therefore oxygen was 
